Abstract The paper utilizes data collected at three time points in a longitudinal study of perinatally HIV-infected (PHIV?) and a comparison group of perinatally exposed but HIV-uninfected (PHEU) youths in the United States (N = 325). Using growth curve modeling, the paper examines changes in substance use symptoms among PHIV? and PHEU youths as they transition through adolescence, and assesses the individual and contextual factors associated with the rate of change in substance use symptoms. Findings indicate that substance use symptoms increased over time among PHIV? youths, but not among PHEU youths. The rate of change in these symptoms was positively associated with an increasing number of negative life events. Study findings underscore the need for early, targeted interventions for PHIV? youths, and interventions to reduce adversities and their deleterious effects in vulnerable populations.
Introduction
Addressing the HIV epidemic entails reducing community viral load by increasing early identification of HIV infection, rapid linkage to HIV care, treatment initiation with optimal medication adherence, and sustained retention in care of HIV? individuals. This approach, also known as Treatment as Prevention (TasP), is a promising HIV prevention strategy [1] [2] [3] . Similar to behavioral risk reduction strategies (e.g. condom use), maximizing the benefits of TasP entails reducing any barriers to its implementation, especially among high-risk populations. Substance use is a formidable barrier to the implementation of TasP and other behavioral risk reduction strategies among youths [4] . Previous studies have reported that adolescents with & M. Mutumba mmutumba@umich.edu perinatally-acquired HIV (PHIV?), similar to their peers, are experimenting with alcohol and illicit drugs [5, [9] [10] [11] [12] . The emergence of substance use among PHIV? youths poses a serious public health concern; substance use can function as a barrier to antiretroviral therapy (ART) adherence [11, 13, 14] and condom use, leading to viral suppression failure and ART drug resistance [15] , as well as increased risk for secondary transmission of HIV due to condomless sex [7, [16] [17] [18] . As such, substance use undermines the potential public health impact of both biomedical and behavioral-risk reduction strategies among PHIV? youth.
Only a few studies have examined the prevalence and correlates of substance use among PHIV? youths with studies reporting rates of any or lifetime substance use ranging from 13-60 % [7, 11, 19, 20] . Our current understanding of problematic substance use among PHI-V? youths is limited because substance use typically begins to take off in middle-older adolescence and PHI-V? youths are only now reaching this age in large enough numbers to be studied. The majority of prior studies conducted among PHIV? youths have included mostly earlymiddle aged adolescents, and almost none of these studies looked at problematic substance use because the numbers of substance abusing PHIV? youths would be too small at the younger age range. However, Mellins and colleagues found substance use disorders increased from 1.8 %, when PHIV? youth were on average 12 years old, to 4.2 %, when participants were 14 years [21] . While still relatively low during early-middle adolescence, these findings suggested an increase not only in substance use, which is developmentally normative during adolescence, but also an increase in problematic substance use (as evidenced by the increase in substance use disorders) [21] . Thus further examination of substance use in PHIV? youths as they age through adolescence is warranted in order to advance our understanding of the development of problematic substance use and thus ability to treat this highly vulnerable group [5] .
Little is known about how substance use symptoms develop among PHIV? youths, nor about the individual and contextual factors that influence substance use in this population. In particular, the role of HIV infection in the development of problematic substance use is unclear. Findings from prior studies that have examined differences in substance use between PHIV? and youths perinatally HIV-exposed but uninfected (PHEU) youths suggest that youth HIV status was not associated with greater likelihood of substance use. Rather, other key individual (e.g. youths' age, mental health problems), social (e.g. perceived peer norms) and contextual (e.g. caregiver psychiatric disorder, substance use in the household) factors appear to confer greater risk [7, 11, 19, 20] . However, these studies were largely cross-sectional and focused on mostly younger adolescence, when rates of problematic substance use and disorder are typically low [22, 23] . In contrast, one longitudinal examination of the development of alcohol and marijuana use across adolescence in PHI-V? and PHEU youths found differences in substance use by HIV status. Although both groups experienced a significant increase in alcohol use (from 12.8 to 56.9 % of PHIV? youths and from 15.5 to 48.9 % of PHEU youths) and marijuana use (from 4.1 to 30.7 % of PHIV? youths and from 7.8 to 29.6 % of PHEU youths) over time, PHIZ? youths were less likely to use marijuana than PHEU youths [5] . However, this study did not examine key individual, social and contextual factors that may account for differences in substance use between PHI-V? and PHEU youths.
In the United States (U.S.), the pediatric HIV epidemic is concentrated among minority youth residing in impoverished, inner city neighborhoods, which expose these youth to well-known risk factors for substance use and abuse [24] [25] [26] . Substance use among urban minority youth has been associated with various factors, including maladaptive coping strategies (e.g. emotional and avoidance coping behaviors) and/or inadequate psychosocial resources (e.g. positive future orientation) to mitigate the deleterious effects of stressors [27] [28] [29] [30] , and environmental stressors such as trauma, stressful life events, neighborhood disorganization, and exposure to violence and victimization [31] [32] [33] [34] [35] [36] . In addition to the challenges associated with adolescence (e.g. peer relations, school transitions, academic pressures), PHIV? youths also experience familial and environmental stressors (e.g. bereavement, household poverty, poor caregiver physical and mental health) that impact their wellbeing [31] [32] [33] . Therefore, in a context of multiple chronic stressors and limited family and community resources, PHIV? youths are at increased risk for substance use compared to their peers. Moreover, PHI-V? youths also experience additional stressors, such as chronic pain, delayed developmental milestones, and managing a chronic, life-threatening, and highly stigmatized illness, [31, 33, 34, 37, 38] which potentially place them at even greater risk for substance use as they age. Understanding the role HIV and other key individual and contextual factors may play in the development of substance use is important to the development of effective substance use preventive interventions.
One factor that is a potential barrier to fully understanding substance use and abuse among PHIV? youths is that the criteria for diagnosing substance use disorders, which are stipulated in Diagnostic and Statistical Manual of Mental Disorders (DSM), were developed primarily for adults. As such, they may not account for developmental differences between youth and adults with respect to substance use (e.g. withdrawal symptoms and physiological dependence, which are less prevalent in youth). The use of DSM criteria to diagnose substance use disorders can result in a negative diagnosis even though a youth may be abusing substances or demonstrating multiple substance-related problems [39, 40] . For example, Aarons and colleagues found that 18 % of youth in treatment for substance abuse did not meet DSM criteria for substance use disorders even though all exhibited substance use-related problems that required treatment [40] . As such, examining the development of symptoms of substance use disorders over time may allow us to understand problematic substance use in high risk youth who would have otherwise been undetected through examination of disorder.
In summary, there are few published studies of substance use among PHIV? youths, and those that exist are cross sectional, focus on early to middle adolescence when substance use is just beginning, and have limited data on psychosocial factors that influence substance use that would inform preventive interventions. To date, there are few longitudinal analyses, particularly from studies that follow youth into older adolescence, when substance use becomes much more prevalent in other populations and when problematic use frequently begins. To address this issue, using data from a relatively large study of psychosocial determinants of behavior in a sample composed of both PHIV? and PHEU youths with similar age and demographic backgrounds, this paper examines prospective changes in substance use symptoms in PHI-V? youths, in comparison to PHEU youths. We assess the role of HIV as well as individual and contextual factors associated with these changes. These analyses are guided by elements of the Social Action Theory (SAT) [41] , which asserts that health outcomes (in this case, substance use symptoms) are influenced by contextual factors in which the behavior occurs, including youths' internal context (e.g. youths' age, gender, youths' HIV status), external context or environment (e.g. neighborhood stressors, stressful life events, caregiver mental health and caregiver HIV status), and self-regulation (e.g. youths' future aspirations). PHEU youths were chosen as the comparative group for PHIV? youths because, with the exception of the child's HIV status, sociodemographic and family characteristics, including perinatal exposure to HIV, are very similar, thus providing an initial opportunity to explore the unique contribution of HIV infection to substance use, in addition to contextual factors. In these analyses, we hypothesize that PHIV? youths will have a greater increase in the substance use symptoms compared to PHEU youths, given the additional burden of illnessrelated stressors.
Methods

Participants and Procedures
This paper utilizes data from the Child and Adolescent Self-Awareness and Health Study (CASAH), a multi-center longitudinal study of PHIV? and PHEU youths receiving care at four primary and tertiary centers in NYC. A detailed description of the study design is provided elsewhere [21] . Briefly, PHIV? and PHEU youths and their caregivers were recruited between 2003 and 2008 when the youths were aged 9-16 years. Data were collected using caregiver and youth individual interviews, conducted separately but simultaneously whenever possible at the youth's/caregiver's homes, their medical clinics, or our research office, by trained bachelor-level interviewers. Based on participant preference, all youths were interviewed in English, and 67 caregiver interviews were conducted in Spanish. Consistent with standard procedures for translation and back-translation [42] , all study instruments were translated into Spanish and certified by an Institutional review board (IRB)-approved expert translator. IRB approval was obtained from all study sites. All caregivers provided written informed consent for themselves and their youths who were \18 years of age; youths provided written assent (if \18 years) or consent if C18 years. Monetary reimbursement for each completed session ($25) and public transport was provided.
Of the 443 eligible participants, 11 % refused contact with the research team, and 6 % could not be contacted by the site clinic coordinators. A total of 367 (83 %) caregiveryouths dyads were approached, of whom N = 340 were enrolled at baseline (77 % of eligible families; 206 PHI-V? and 134 PHEU youth). The baseline and Follow-up 1 (FU1) interviews were completed approximately 18 months apart (M years = 1.65, SD = 0.45). Although not originally planned, funding was obtained for additional follow-up interviews (Phase 2). Phase 2 involved re-recruiting families from phase 1 for three additional follow-up interviews, each 1 year apart. Families were eligible for phase 2 interviews if the youths were at least 13 years old and it had been at least 1 year since their FU1 interview. All youth and their caregivers who were re-enrolled in the study at phase 2 (FU2) provided written consent and assent, as necessary.
These analyses utilized three waves of data collection: phase 1 (baseline and follow-up: FU1) and phase 2 (FU2). Overall, the retention rates were high: 82.4 % (166 PHI-V? and 114 PHEU youths) between baseline and FU1, and 79 % (166 PHIV? and 104 PHEU) of youths who were initially enrolled in phase 1 were successfully recruited for phase 2. The median time interval between FU1 and FU2 was 3 years (M years = 2.89, SD = 1.29). At FU2, youths' ages ranged from 13 to 24 years (M age = 16.73, SD = 2.74).
A total of 325 youths (196 PHIV? and 129 PHEU) with data on all key covariate variables at baseline were included in these analyses; 15 youths were excluded from these analyses due to missing data. There were no differences by youths' HIV status, gender, race/ethnicity, age, and mental health outcomes between the youths whose data are analyzed and those excluded from the analysis. Among youths included in the study, we observed minimal but statistically significant differences in follow-up time (in years between assessments) by HIV status between baseline and FU1 (M PHEU = 1.09, SD = 0.42, M PHIV? = 1.28, SD = 0.63; t = -3.08, p = 0.005), and FU1 and FU2 (M PHEU = 2.46, SD = 1.06, M PHIV? = 3.19, SD = 1.35; t = -4.48, p \ 0.001). This difference is accounted for in our analytic models as youths' HIV status and age at each follow-up are included as covariates (see Data Analytic Strategy).
Measures
Substance use symptoms, the primary outcome in this study, were assessed using the Diagnostic Interview Schedule for Children (DISC-IV; child and young adult versions) [43] , an extensively used and well-validated measure of DSM-IV psychiatric diagnoses [44] ; note these data were collected prior to DSM V. The substance use symptoms were computed as a sum of symptoms related to alcohol [range: 0-14; mean baseline = 0.57 (0.9); mean FU1 = 1.12 (1.2); mean FU2 = 1.23(1.8)], marijuana [range: 0-12; mean baseline = 0.14 (0.9); mean FU1 = 0.12 (0.7); mean FU2 = 0.46 (1.4)], and ''other drug/substance'' use [range: 0-18; mean baseline = 0(0); mean FU1 = 0(0); mean FU2 = 0.02 (0.4)] in the DISC-IV questionnaire; note that the means (and standard deviations) were computed among youth who endorsed any substance use symptoms. Of note, these analyses utilize only youth report of substance use data which has been shown to be reliable [45] and preferable since caregivers may not be aware of youths' substance use [46] .
Internal context factors included youths' age, gender, HIV status, and race/ethnicity. Youths' HIV status was determined via medical charts and clinician verification. At baseline, youths self-identified their race based on their ethnic/cultural heritage (e.g. Cuban, Puerto Rican, and Caribbean French), and these were collapsed into four racial/ethnic categories (see Table 1 ): Non-Hispanic Black, Non-Hispanic White, Hispanic, and Other. Given the small distribution of Non-Hispanic Whites and Other Race/Ethnicity participants, these two categories were collapsed into a single race/ethnicity category in our multivariate analyses.
External context factors included caregiver HIV status, type of caregiver (birth parent vs. non-birth parent caregiver), caregiver depression, household poverty, major life events, and neighborhood stress. Caregiver HIV status was assessed using self-report data about personal HIV tests and results (HIV infected vs. uninfected/untested). Caregiver depression was assessed using the Beck Depression Inventory [47] , a 21-item self-report measure of the presence and intensity of depressive symptoms, including depressed mood, loss of interest, guilt, suicidality, and vegetative changes (our sample, a = 0.89). Household poverty (living below or above the New York State poverty line) was based on household income adjusted for the number of household members. Major life events were assessed using an instrument developed at a mental health program for families affected by HIV [48] . This 46-item checklist (our sample, a = 0.86) assesses events related to one's family (e.g. increase arguments between parents), self (e.g. major illness), or peers (e.g. having a close friend with a drug problem). Participants rated the impact of each event (i.e., bad, neutral, and good). A total score was computed as the sum of the impact ratings of all items designated by the respondent as ''bad,'' with higher scores reflecting more adverse stressful life events. Neighborhood stress was measured using the City Stress Inventory [49] , a 16-item index that assesses neighborhood disorder and exposure to violence (our sample, a = 0.86) using a 4-point Likert scale (0 = never to 3 = often). Neighborhood stress was computed as the mean score of these stressors.
Self-regulation The factor included in these analyses was youths' future life orientation. Of the available indicators in the larger study, future orientation was chosen as the best indicator for this sub-analysis because it captures the motivation domain of the self-regulatory processes, and its conceptual relevance among youth has been documented in varied studies: future orientation has been identified as a protective factor in low-income and minority youth, with several benefits including resilience against stressors, positive socio-emotional adjustment, and reduced risk for risky behaviors [50] [51] [52] [53] . Future orientation was assessed using items adapted from Monitoring the Future [54] , which assesses youths' perceptions about the probability of completing school, getting employment, getting married, having children, making money, and moving out of their neighborhood (our sample, a = 0.61).
Data Analytic Strategy
Descriptive and bivariate analyses were conducted to compare baseline characteristics between PHIV? and PHEU youths, and to assess the relationship (Chi squares and t-tests for binary and continuous data as appropriate) between predictor variables (e.g. age, gender, race/ethnicity, household income) and substance use symptoms. Results of these analyses indicated that caregiver HIV status and type of caregiver (i.e., birth parent) were confounded, reflecting the fact that 100 % of birth mothers were by definition HIV-positive and almost all birth parents participating in the study were the mother. Therefore, caregiver HIV status was not included in the analyses. Given that 30 % of our sample had more than one participant per family, we also included having a sibling in the study as a covariate in these analyses. Hierarchical Linear Modeling (HLM; v. 7.0) was used to fit a multilevel linear growth curve model of the change (i.e., increase or decrease) in substance use symptoms over time. While a repeated regression performs list-wise deletion for cases with missing values in one or more data points, HLM maximizes all available data because its algorithms do not require information across all follow-ups to compute growth estimates for all participants [55] . Therefore, all N = 325 cases were used in this analysis. We modeled changes in substance use symptoms over time by including variables at Level 1 (i.e., time-varying covariates, e.g. time, major life events, household poverty, caregiver depression, and neighborhood stress) and Level 2 (i.e., person-centered baseline characteristics, e.g. age, sex, race, ethnicity, youths' HIV status, type of caregiver, and future orientation score). The HLM analysis was conducted in three analytic steps: (1) we examined the relationship between youths' socio-demographic characteristics and substance use symptoms at baseline; (2) we assessed variation in youths' substance use symptoms across the three waves and assessed the influence of socio-demographic characteristics on these changes; and (3) we utilized a mixed model to examine the influence of psychosocial stressors on changes in youths' substance use symptoms, adjusting for baseline socio-demographic characteristics. For brevity, we present our final models below (p \ 0.05).
Results
Socio-Demographics
A summary of the baseline internal and external context factors, self-regulation variable, and substance use symptoms at baseline and follow-up, for both PHIV? and PHEU youths, is presented in Table 1 . There were no significant differences between PHIV? and PHEU youths in age, gender, and race/ethnicity. The majority (75.4 %) of youths (both PHIV? and PHEU) were living below the New York State Poverty line, but PHEU youths were less likely to live below the poverty line compared to PHI-V? youths (v 2 = 16.50; p B 0.001). With regard to caregiver type, significantly fewer PHIV? youths were living with a biological caregiver (34.7 vs. 69.8 %; v 2 = 38.31; p B 0.001), and thus, fewer PHIV? youths were living with a HIV ? caregiver compared to PHEU youths, as 100 % of birth mothers were HIV positive. There were no differences in caregiver depression, major life events and neighborhood stress by youth HIV status. Similarly, there were no differences in future orientation by youth HIV status at baseline.
Substance Use and Symptoms
As shown in Table 1 , the prevalence of any past year substance use (excluding nicotine use) was low at baseline and increased at each follow-up assessment for PHI-V? and PHEU youths; there were no significant differences in prevalence of any past year substance use between PHIV? and PHEU youths at any time point. In crosssectional analyses, among substance-using youths, prevalence of at least one symptom was reported in approximately one-third of PHIV? youths (35.7 %; n = 5) and two-thirds of PHEU youths (4.3 %; n = 9). Among PHI-V? youth, prevalence increased at each follow-up assessment (64.7 %; n = 11 at FU1 and 75.5 %; n = 40 at FU2), but it decreased among PHEU youths (35.3 %; n = 6 at FU1 and 24.5 %; n = 13 at FU2). Marijuana use symptoms were the most prevalent symptoms reported at each assessment point (baseline: 7(5.2 %) of PHEU and 4(1.9 %) of PHIV? ; FU1: 4(3.5 %) of PHEU and 6(3.6 %) of PHIV? ; and FU2: 7(6.7 %) of PHEU and 30(16.8 %) of PHIV?), followed by alcohol use symptoms (baseline: 3 (2.2 %) of PHEU and 2 (1.0 %) of PHIV? ; FU1: 3 (2.6 %) of PHEU and 8 (4.8 %) of PHIV? ; and FU2: 9 (8.6 %) of PHEU and 21 (11.7 %) of PHIV?). In unadjusted bivariate analyses, the difference in the mean number of substance use symptoms between PHIV? and PHEU youths was not statistically significant at any assessment point (see Table 1 ).
HIV-Related Indicators
As shown in Table 2 , more than 60 % of PHIV? youth were virally suppressed (i.e., HIV viral load of less than 200 copies/mL [56] ) across the three time points, although the proportion of virally suppressed youth reduced slightly with each successive assessment. Similarly, the proportion of PHIV? youth with CD4 cell counts less than 500 cells/ mm 3 increased across the study. Nucleoside Reverse Transcriptase Inhibitors (NRTI) were the predominant type of anti-retroviral drug.
Growth Curve Modeling
Substance use symptoms were significantly associated with youths' age and HIV status (internal context) at baseline (i.e., mean intercept). As noted in Table 3 After adjusting for baseline differences in our growth curve models, the overall change in youths' substance use symptoms followed a linear relationship over time (see Fig. 1 ). This linear relationship, however, was only observed for PHIV? youths. 
Discussion
This study assessed the changes in substance use symptoms among PHEU and PHIV? youths and examined the factors associated with changes in youths' substance use symptoms across time. Substance use symptoms were positively associated with youths' age and negatively associated with youths' HIV status at baseline, and positively associated with number of negative life events experienced and youths' HIV status over time. The public health consequences of substance use among PHIV? and PHEU youths [6, 7, 15-18, 57, 58] underscore the need for both primary (preventive) and secondary (treatment) interventions to eliminate substance use among both PHIV? and PHEU youths. These analyses also utilize substance use symptoms rather than the onset of substance use disorders, which characterizes our earlier work among PHIV? and PHEU youths. Substance use disorders are less common during adolescence. Therefore, a focus on substance use symptoms allows us to more accurately describe the significant substance use experimentation that typically begins in this developmental stage. This approach is useful in understanding what predicts changes in substance use symptoms among youths whose substance use symptoms may not meet DSM diagnostic criteria for substance use disorders, but nonetheless exhibit problematic substance use behaviors that require attention. Given that substance use typically emerges in adolescence and worsens in young adulthood [23] , understanding the symptoms and associated factors is critical to developing substance use prevention programs to mitigate the primary and secondary HIV risk challenges among PHEU and PHIV? youths.
Prior studies have not found any statistically significant differences in substance use and substance use disorders between PHIV? and PHEU youths [7, 11, 19, 20] , thus concluding that HIV status alone, may be inconsequential in the development of substance use disorders among PHIV? and PHEU youth. However, in this study, we -up 1 (FU2) N (%) Follow-up 2 (FU2) N (% found that youths' HIV status influences substance use symptoms over and above the influence of other key contextual factors that were also significantly associated with substance use symptoms (e.g. negative life events). Although PHIV? youths reported fewer substance use symptoms than PHEU youths at baseline, the onset of substance use symptoms increased at a faster rate among PHIV? youth as they transitioned through adolescence compared to PHEU youths. This findings is consistent with the prior reports that chronically ill adolescents are just as likely as or even more likely than their ''healthy'' peers to report substance use [59] . The higher burden of substance use symptoms among PHIV? youths could be attributed to various disease-related factors. For example, PHI-V? youths may utilize substance use as a mechanism for coping with the physical pain or fear of dying, or to forget about their illness [60] . Moreover, substance use among PHIV? youths could also be attributed to management of developmental and psychosocial stressors (e.g. the desire to fit in, to feel ''normal,'' peer pressure). Alternatively, overprotection by caregivers or withdrawal of PHIV? youths from social circles as a strategy for managing their stigmatized identity may deprive them of the opportunity to acquire knowledge and develop skills to negotiate developmentally normative pressures to engage in substance use. These developmental and psychosocial stressors may act in concert with illness-related stressors to increase PHI-V? youths' vulnerability to substance use. Similar to prior studies conducted among youth [61] [62] [63] [64] , including PHIV? and PHEU youths [19] , we found that a higher experience of negative life events was associated with increased number of substance use symptoms. The most frequently reported negative life events at each assessment point were death of a family member, getting a failing grade, hearing gunshots on your block, loss of a close friendships, witnessing drug deals on your block, witnessing a fight involving a weapon, and breaking up with a girlfriend or boyfriend. However, type of caregiver, household poverty, caregiver depression and neighborhood stressors were not significantly associated with adolescents' substance use symptoms, irrespective of youth's HIV status. These findings suggest that substance use among PHIV? and PHEU youths is associated with acute (or abrupt) life events within youths' family and peer networks rather than chronic stressors (e.g. household poverty and neighborhood violence), and that youths may be utilizing maladaptive coping strategies (e.g. substance use) to manage these acute life events [64, 65] . Prior studies have found that youth initiate substance use as a means of coping with a variety of stressors and influences in their socio-ecological contexts [61, 66, 67] , and that the likelihood of substance use among youth is a function of the stress levels and the extent to which this stress level is offset by stress moderators, social networks, social competencies, and resources [68] . PHIV? and PHEU youths must develop strategies to cope with the chronic life stressors (e.g. household poverty, neighborhood stressors, and poor caregiver mental health), and this may explain why we did not observe an association between these stressors and substance use symptoms. Conversely, when exposed to acute and unforeseen negative life events, youths living in a context of limited resources may find it more difficult to effectively mobilize the resources required to cope with negative life events, hence resorting to maladaptive coping strategies such as substance use. Alternatively, the relationship between negative life events and substance use symptoms could represent a feedback loop: substance use increases youths' exposure to negative life events (e.g. violence and trauma), which in turn increases the likelihood of substance use. Our findings affirm the impact of stressors on the wellbeing of PHIV? and PHEU youths. These findings suggest a need for early life intervention programs to equip PHIV? and PHEU youths with a repertoire of life skills to navigate the myriad chronic and acute stressors they may experience. Our findings highlight the selective vulnerability of PHIV? youths across adolescence, but several critical gaps persist in our understanding of the development of substance use symptoms among PHIV? youths, particularly with regard to HIV mediated effects and the role of self-regulatory factors on substance use. First, HIV infection has been associated with neurocognitive changes in the subcortical white matter and frontostriatal systems involved in regulation of mood and behavior [69] , which increase PHIV? youths' vulnerability to mental health problems. However, the association between HIV infection and substance use, especially of marijuana, the most prevalent substance used in this current sample, remains largely unexamined. Therefore, the extent to which HIV related neurocognitive changes could increase PHI-V? youths' susceptibility to marijuana abuse and dependence is not known. Additionally, there is a need for future studies to examine the impact of different ART regimens on substance use and mental health problems, particularly for medications such as Efavirenz that cross blood-brain barrier and have been associated with adverse neuropsychiatric effects [70] [71] [72] .
Additionally, our analyses explore a limited set of selfregulatory factors (i.e., future life orientation), but there is a need to expand the range of self-and social regulatory factors (e.g. stigma, cognitive functioning, self-efficacy re: negotiating peer pressure) in order to advance our understanding of the factors that increase or decrease PHI-V? youths' vulnerability to substance use. The increase in substance use among youths, particularly PHIV? youths, raises several public health concerns, given the association of substance use with sexual risk behaviors, including condomless sex, which may result in onward transmission of HIV [73, 74] , as well as non-adherence to ART, which may result in treatment failure and increased risk for HIV transmission [7, 8, 11, 13, 14] . Moreover, there are few evidence-based psychosocial interventions for PHI-V? youths [32] , and there is a lack of evidence-based interventions targeting co-morbidity of HIV and substance use in this population [75] . Our findings suggest a need for early substance use prevention and treatment interventions to mitigate this heightened vulnerability as they transition through adolescence. There is also a need for studies to examine the association between HIV-related neurocognitive changes and substance use and dependency among PHIV? youths. This research is relevant for developing effective prevention and treatment interventions for PHIV? youths.
Finally, our findings suggest multi-level interventions to address the multiplicity of risk factors for substance use across PHIV? and PHEU youths' ecological contexts are necessary. Future research could expound on stress moderators, social networks, social competencies, and resources that influence substance use among PHIV? and PHEU youths. Studies should also explore possible associations between HIV-related neurocognitive deficits and marijuana use and dependency among PHIV? youths. Given the high rates of marijuana use in this population, it would be important for future studies to assess use of other substances particularly tobacco and nicotine products in their increasing diverse forms e.g. hookah, e-cigarettes, cigars, cigarillos, etc. These products are often used in conjunction with marijuana to manage stress in adolescents and young adults and thus of increasing concern [76] [77] [78] [79] .
This study is not without limitations that could impact interpretations of study findings. Participants were recruited from HIV primary care clinics, which may limit generalization findings to youth in other settings. Although we recruited and interviewed 76 % of eligible participants in the study recruitment sites, this convenience sample may not reflect the large population of PHIV? and PHEU youths, particularly those outside of NYC and youths who are not followed in HIV clinics. Although we attempted to recruit PHIV? and PHEU youths from similar communities based on the demographics of pediatric HIV disease, other factors (e.g. access to services) may have altered group effects. Due to human subject protections, we were not able to collect data on patients who refused contact, so we are not in a position to adjust our analyses for any recruitment bias. This study also utilized self-report instruments, which are susceptible to reporting bias, especially for sensitive topics such as substance use. Lastly, we did not explore the role of biological/genetic factors, which could influence youths' substance use symptoms.
Conclusions and Clinical Implications
Despite these limitations, the findings from the present study have several important clinical and policy implications, as they provide important insights into the long-term changes in substance use symptoms among PHIV? and PHEU youths, highlighting the sources of vulnerability to substance use in this population. Similar to patterns seen in other populations, substance use and substance use symptoms increased over time for both groups. However, PHI-V? youths experienced a greater increase in substance use symptoms over time compared to PHEU youths. To date, substance abuse treatment programs developed specifically for PHIV? youth are not available. Therefore, there is a great need to develop or tailor existing interventions to the developmental stage and HIV-specific needs of these youths, in order to promote positive developmental outcomes. Within primary care settings, comprehensive public health approaches such as the Screening, Brief Interventions and Referral (SBIRT) have shown some promise in evaluating and intervening with adolescents at risk for problematic alcohol and substance use [80] . Such approaches, with some tailoring to accommodate the unique needs of PHIV? youths, could be adapted within primary care adolescent HIV clinics. Health care providers are in a unique position to utilize the routine clinic visits of PHI-V? youths engaged in care as an opportunity to assess for substance use issues and associated psychosocial risk factors, and address them accordingly. A similar approach may not be feasible for PHEU youths, since they are not followed in HIV clinics and often are not as connected to regular health care, mental health care, or other support services as their PHIV ? counterparts. However, medical providers in adult clinics may serve a key role in reaching these youth. Providers may discuss the increased risk of substance use in PHEU adolescents with their adult HIV? patients with adolescent children, and suggest or refer these youths for assessment and intervention.
